INTRODUCTION
Polyacrylamide gel (PAAG) is a jelly-like transparent substance, containing approximately 2.5% cross-linked polyacrylamide and 97.5% water. PAAG is used as a permanent filler for soft-tissue contour correction or breast augmentation. [1] Injection of PAAG is minimally invasive and convenient. It has been commonly used for breast augmentation in China, Eastern Europe, and South America for more than 10 years. [2] However, an increasing number of complications have been reported for PAAG-injected breasts. This report describes a 46-year-old woman presenting with gel migration 10 years after bilateral breast augmentation with PAAG injections. In this patient, distant gel migration manifested as abdominal pain after severe sneezing. The unusual presentation of this complication, together with an undisclosed history of breast augmentation with PAAG, delayed accurate diagnosis. Our case represents a diagnostic challenge in this rare occurrence.
CASE REPORT
A 46-year-old Taiwanese woman presented to the emergency room with abdominal pain. The patient claimed that she started experiencing severe pain in the right upper abdomen 2 days before presentation, after an episode of violent sneezing. The abdominal pain subsequently extended to the right lower quadrant and the suprapubic area. She denied any previous trauma or surgery. Physical examination revealed tenderness in her right abdomen and suprapubic area with muscle guarding. An ultrasound revealed a large, well-defined, hypoecho subcutaneous mass in the right abdomen. A Doppler study indicated avascularity. A computed tomography scan revealed a large hypodense mass extending from the right upper abdominal wall to the pelvic wall [ Figure 1 ]. Based on the relevant clinical history, an abdominal wall injury with hematoma formation was initially suspected, possibly caused by the incidental force of severe sneezing. Conservative treatment was then started, and the patient was referred to an outpatient clinic for follow-up. Two months later, she continued to experience pain in the right lower abdomen. At the same time, progressive shrinkage of the right breast with the development of a lump in the right upper abdomen was observed. The history of breast augmentation with PAAG injections 10 years earlier in China was then exposed. Physical examination revealed asymmetry in the contours of bilateral breasts. The shrunken right breast was nontender. A subcutaneous lump with mild tenderness was palpable in the right upper quadrant. A magnetic resonance imaging (MRI) scan revealed fluid-filled sacs in the retroglandular areas of both breasts, and a part of the contents appeared to have leaked out from the sac of the right breast [ Figure 2] . A large amount of the contents had spread extensively from the right breast through the retropectoral and preperitoneal spaces to the right abdomen and suprapubic area [ Figure 3 ]. Diagnosis of gel migration from the PAAG-augmented breast was made, and subsequent surgery was arranged.
An inframammary approach was used to remove the PAAG from the right breast. The migrated gel in the cavities of the abdominal and pelvic walls was evacuated using cannula suction under endoscopic guidance through the open wound. As much as possible of the yellow, granular, jelly-like, PAAG was then extirpated [ Figure 4 ]. The surrounding tissues and the spaces, emptied by the removal of the filler, were rinsed several times with normal saline. The postoperative course was uneventful. Two months later, she received a second-stage breast reconstruction with a saline-filled implant in the right breast. Debridement surgery, followed by immediate saline-filled implant placement in her asymptomatic left breast, was also performed. The patient's recovery was uneventful, and she remained healthy during the 2-year follow-up.
DISCUSSION
PAAG is an injectable permanent soft-tissue filler that has been used for facial corrective surgery and breast augmentation for several years. [1] Injected PAAG was initially considered safe, nontoxic, nonirritable, and well-contained within tissue. It has been widely used in China for augmentation mammoplasty since 1997. The ease of PAAG injection, which can be performed in a clinic setting with the patient under local anesthesia, has increased the use of this procedure. [2] Over time, many types of complications associated with the use of PAAG have been reported. In 2006, the Chinese State Food and Drug Administration banned PAAG for use in breast augmentation. [3] Although PAAG injections are rarely used currently, their consequences and long-term complications are crucial. The clinical presentations of the complications are varied; including breast induration and lump formation, persistent breast pain, infection, glandular atrophy, and gel migration. These complications can appear simultaneously in one patient and even in one breast. [2, 3] Apparently, PAAG does not induce as much foreign body reaction as do other injectable augmentation materials. Therefore, PAAG is not encapsulated by a thick fibrous capsule. [4] Cheng et al. reported that the injected PAAG is not encapsulated in the muscle but is encapsulated by thin fibrous tissue only in the skin and mammary glands. Consequently, the filler material can migrate easily because of muscular activity or the effect of gravity, particularly when the capsule is ruptured because of incorrect massage or incidental force. [5] The mobility of PAAG along the intermuscular gap has been confirmed in animal experiments. [6] It is suggested that PAAG should not be injected into muscular tissues or subcutaneous areas with active movement. [5] Because PAAG injection is performed without imaging guidance, the risk of gel migration is high if the gel has been inadvertently injected outside the retroglandular space. [4] The migrated gel may pass through subcutaneous tunnels and present distantly in the axilla, abdomen, or even pubic area. The reported incidence of distant gel migration is 8.9%. [3] The radiological features of PAAG injection mammoplasty often pose a diagnostic challenge for radiologists. Among the imaging modalities, MRI is considered the most sensitive technique for assessing PAAG mammoplasty with gel migration. MRI scans clearly display the volume and the distribution of the gel within the breasts and the location, extent, and spread of the injected PAAG outside the breast. [2, 4, 7] Moreover, contrast medium enhancement enables the delineation of areas of infection and abscess formation. [2, 4] Because 95%-97.5% of PAAG is water, its MRI signal intensities are similar to those of water; therefore, PAAG images are best displayed using the T2-weighted technique. Turbo spin-echo, T2-weighted, with or without the fat suppressing sequence is the most suitable sequence to delineate the location or extent of PAAG. [2] Removal of PAAG is an effective treatment for most of the complications following PAAG mammoplasty. However, because PAAG is distributed diffusely in the breast tissue and even penetrates deep into pectoralis muscle, complete gel evacuation using aspiration or blind suction is very difficult, despite several sessions of the suction procedure. Evacuation of the majority of the gel is possible by performing open surgery through periareolar and inframammary incisions. [7] To remove all PAAG and the damaged tissue, a subcutaneous mastectomy may be the last option. [1] In patients whose breast contours require restoration after debridement surgery, a two-stage procedure with initial debridement, followed by delayed breast reconstruction, is preferable. [8] Alternatively, immediate breast reconstruction can be considered if the patient does not exhibit signs of acute inflammation and massive or multifocal gel migration. [9] Unlike previously reported cases of gel migration, our patient manifested acute abdominal pain rather than breast pain, lump formation or changes in breast appearance, thereby making this case clinically remarkable. As described, the capsule surrounding the PAAG filler is usually thin, may be attenuated with time, and is vulnerable to rupture. [5, 6] The mean force exerted on the sternum might be as high as 41 kg during a sneeze. [10] Hence, the weak capsule of PAAG can be easily ruptured after violent sneezing, leading to subsequent PAAG displacement. Rapid and extensive gel migration into the abdominal wall may cause acute abdominal pain. Without disclosure of the history of PAAG mammoplasty, connecting gel migration to the abdominal pathology is difficult. Radiological evaluation of the abdominal lesion alone may be inconclusive if the PAAG-augmented breast is not included in the imaging study.
CONCLUSION
Although the experience with the use of PAAG for breast augmentation is limited in our country, surgeons without any experience in these procedures may have to manage patients with the associated complications because of the migratory streams. Discussing medical and surgical histories and perfor ming thorough physical examination are essential for diagnosing PAAG migration. Knowledge of the radiological appearances of PAAG-augmented breasts, as well as its complications, is useful for making an accurate diagnosis in these patients. Our case should increase awareness among surgeons about the possibility of this condition in patients with similar symptoms.
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